SYNOPSIS A neuropathological study of 20 multiple sclerosis brains using celloidin-embedded slices was carried out to assess the extent of changes in the corpus callosum. Severe atrophy of the callosum was found in cases with marked hydrocephalus. Demyelination of the callosum varied in extent from slight involvement (with a few small plaques) to almost total myelin loss. A clinical history of mental deterioration was usual in the cases with severe callosal lesions, but no symptoms were recorded that indicated a specific disconnection syndrome. The ventricular enlargement noted in this series could not be explained either on the basis of obstruction to the flow of cerebrospinal fluid, or by the effects of shrinkage of the white matter.
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In multiple sclerosis demyelination of the corpus callosum and atrophy (associated with ventricular enlargement) may be prominent pathological features, although they are seldom related to clinical symptoms. The possibility that these changes may be responsible for mental deterioration in this condition prompted our investigation into their frequency and severity.
We have studied a series of 20 cases of multiple sclerosis in which adequate brain sections were available to determine the extent of changes in the corpus callosum and the degree of ventricular enlargement. Cases with other coexisting lesions, such as tumours or infarctions, were excluded.
The patients, 10 of whom were male and 10 female, were aged from 21 to 65 years at the time of death, and the duration of their symptoms varied from two to 40 years. The pathological study was based on the examination of at least three levels of cerebral hemispheres cut in the coronal plane-for example, optic chiasm, mamillary bodies, red nuclei-embedded in celloidin, and stained for cells, myelin, axons, and glial fibres. In the majority of cases sections of all parts of the nervous system and of other organs were examined. Measurements of the maximum thickness of the corpus callosum were made at three levels and an estimate of the ventricular size was obtained by taking a transverse measurement of the whole brain and of the combined width of the lateral ventricles just 1259 below the corpus callosum. This ratio was determined merely in order to group the cases into those with great enlargement, moderate enlargement, and normal, or almost normal, ventricles (Table) . In the first group (A) there were five cases with greatly enlarged lateral ventricles in all of which the corpus callosum was atrophic. Cases 1 and 2 presented a distinctive pathological picture of enormous lateral and third ventricles with only a very thin band of callosal fibres remaining ( Fig. 1) : the overall axonal loss in these greatly thinned tracts was considerable. In these two cases demyelination and gliosis in the cerebral hemispheres were not very severe. The nine cases with moderate ventricular enlargement (group B) shewed variation both in symptomatology and in degree of callosal atrophy. Cases 4 and 14 were characterized by severe demyelination and gliosis ( Fig. 2 ) with large confluent zones resembling the lesions of Schilder's disease: in case 14 (Fig. 3 ) almost no myelin remained in the body of the corpus callosum, and there were signs ofaxonal destruction.
The other cases could be classified as 'typical' multiple sclerosis, with varying degrees of involvement of cerebrum, brain-stem, spinal cord, and optic nerves. Cortical plaques were found in many: they were usually small, involving the junction of cortex and white matter, and in no cases were there demonstrable changes in The salient pathological findings were of moderate enlargement of lateral and third ventricles, and notable shrinkage of the corpus callosum, the central part of which was devoid of myelin, while laterally it was involved in plaques. Many of the remaining axons appeared normal, but some abnormally thickened axons and some retraction balls were present. Plaques of demyelination extended in conical form from the angles of the lateral ventricles and there was confluent loss around the temporal horns. Some small plaques also were present in the cortex and subcortical white matter, thalamus, putamen, globus pallidus, and substantia nigra. Holzer's method demonstrated a light gliosis of the regions of periventricular demyelination, but there was no overall gliosis of the white matter. Typical plaques were also present in the optic chiasm, around the fourth ventricle, in both inferior cerebellar peduncles and in the inferior olives. In the cerebral cortex no loss of neurones was evident; there was no astrocytic proliferation and no neurofibrillary tangles or argyrophile plaques.
In patients (nos 3, 11, 14) whose illness followed a short course (two to four years) mental deterioration was often an earlier and more prominent feature: pathologically the findings were closer to Marburg's 'acute multiple sclerosis' or Poser's 'transitional sclerosis'. None of the 20 patients in this series presented the features of a 'disconnection syndrome', but no special tests of callosal function were used. DISCUSSION Many possibilities have been advanced for the pathological basis of the mental and emotional changes in patients with multiple sclerosis. These include cortical atrophy, meningeal fibrosis, interruption of subcortical fibres in plaques, and thalamic or brain-stem involvement. The lesion underlying the characteristic euphoria has never been identified.
Although it is evident from the numerous published reports, and from the present series, that changes in the corpus callosum, varying from focal demyelination to almost complete destruction, may be encountered in multiple sclerosis, they have not usually been considered an important factor in the development of mental symptoms. Indeed, it may be, as Brain (1930) pointed out, that inadequate attention has been paid to mental changes in this disease. Muller (1949) , who studied a large series of patients, found dementia of varying degree, often associated with euphoria, in between 20 and 30%/, and mentioned certain early authors, such as Geay (1904) , who had stressed that mental change was common. Bergin (1957) Severe mental deterioration was also a prominent feature of a case of demyelinating disease described by Oppenheimer (1962 Their patient, a woman aged 60 years, died within six months of the onset of a dementing illness thought to be Alzheimer's disease on clinical grounds. There was extensive periventricular demyelination and numerous plaques in the cerebral hemispheres. Dilatation of the ventricles and thinning of the corpus callosum were present. These authors also noted a collapsed cyst in the pineal body and argued that structural changes in the suprapineal recess had resulted in excessive cerebrospinal fluid production. This, in turn, caused excessive intraventricular pressure and led to periventricular demyelination.
O'Malley (1966) reviewed existing accounts of dementia in multiple sclerosis and added three fresh cases with severe mental symptoms in which neuropathological study had shown some differences from the usual pattern of disease. There were large confluent areas of demyelination with gliosis, and axon destruction was often severe. The author considered such cases as being intermediate between Schilder's disease and multiple sclerosis, and associated the mental symptoms with the unusual extent of the lesions and the degree of destruction of tissue. In most respects these cases are comparable with cases 4, 11, and 14 of the present series.
McAlpine et al. (1972) considered that intellectual deterioration was rare in the early stages of the disease except for acute cases with widespread cerebral involvement. Apathy, loss of interest, irritability, poor memory, lack of concern for the future, sometimes associated with euphoria, were among the typical early symptoms of cerebral damage. He discussed the results of the various modern techniques for examining mental performance: in several reported series severe degrees of deterioration were found, but mainly in the chronic incapacitating stages of the disease.
It is evident that, while mental changes are a feature of some cases of multiple sclerosis, there are a number of possible mechanisms-cortical plaques, extensive white matter destruction and gliosis, hydrocephalus with, or without obstruction-that may be responsible. It does not seem that a specific pattern of illness' is manifest that can be attributed with certainty to lesions of the corpus callosum. But our knowledge of the functions of this large interhemispheric commissure is still, in many ways, incomplete. A distinct 'corpus callosum syndrome' resulting from damage by tumour was proposed by Bristowe (1884) and elaborated by Ironside and Guttmacher (1929) , but the value of these observations must be discounted to some extent, since tumours are seldom, if ever, confined to the corpus callosum. And the fact that in patients with chronic epilepsy section of the corpus callosum may not be followed by any dramatic sequelae has led some authors to postulate that it is a dispensable structure. These observations may be criticized, however, on the grounds that no suitably sensitive tests were applied to these subjects, and more recent work on man, in line with animal studies, has emphasized the importance of the corpus callosum in word-blindness and in the disconnection syndromes (Geschwind, 1965) .
Marchiafava-Bignami's disease provides an example of demyelination affecting the corpus callosum in which mental changes are regularly found. This rare complication of chronic alcoholism is usually associated with an illness characterized by speech disorders and mental deterioration as prominent early signs, while stupor, convulsions, rigidity, and bilateral signs of pyramidal tract deficit may appear later (Ironside et al., 1961) . The classical lesion is demyelination of the central part of the corpus callosum, amounting in some cases to cystic necrosis; in addition, the anterior commissure may be involved and occasionally the myelin loss extends to large portions of the hemispheric white matter (Castaigne et al., 1971) .
Hydrocephalus is relatively common in multiple sclerosis. Freeman (1944) found ventricular dilatation, revealed by pneumoencephalography, in 11 out of 13 subjects. Similarly, Boudin et al. (1955) found ventricular dilatation in 30 out of their 33 patients, and in 15 it was marked Pathological studies vary in the proportion of cases affected: Zimmerman and Netsky (1950) examined 50 brains and found 'a mild degree of hydrocephalus' in many, but in only three was it 'unusually severe'. The cause remains obscure.
Obstruction to the aqueduct by gliosis, obstruction to the fourth ventricle or its outlets by oedema of the brain-stem, cerebral atrophy due to shrinkage of white matter, and over-secretion of cerebrospinal fluid have all been proposed. Lumsden (1970) discounted the effects of shrinkage of tissue in plaques, and considered that 'those cases which do show appreciable secondary internal hydrocephalus will be found to be those in the later stages of the disease with an exceptional degree of axon loss'. Since it is usual, in cases of chronic multiple sclerosis, to find generalized thickening of leptomeninges with collagenous tissue, it is possible that changes in the arachnoidal villi are present, and impair their normal function, but we know of no evidence to support this.
The results of our own series emphasize the wide range of variation that typifies this disease. Ventricular enlargement may be marked after an illness of only short duration while in some chronic cases it is not found at all. A fair correlation can be made between callosal atrophy, hydrocephalus, and mental changes: none of the patients with small ventricles was recorded as showing signs of dementia. The value of our observations is limited, however, by the paucity of data concerning mental performance assessed by present techniques and because no special tests of corpus callosum function were employed.
Since changes similar in character and situation to those of Marchiafava-Bignami's disease are found in patients with multiple sclerosis, it is tempting to speculate that they may contribute to deterioration of mental function. It is clear that hydrocephalus is also an important factor. 
